Abstract: This paper examines the implications of international production fragmentation for analysing global and regional trade patterns, with special emphasis on countries in East Asia. It is found that, while 'fragmentation trade' has generally grown faster than total world manufacturing trade, the degree of dependence of East Asia on this new form of international specialisation is proportionately larger compared to North America and Europe. International production fragmentation has certainly played a pivotal role in continuing dynamism of the East Asian economies and increasing intra-regional economic interdependence. There is, however, no evidence to suggest that this new form of international exchange has contributed to lessoning the regions dependence on the global economy. On the contrary, growth dynamism based on vertical specialisation depends inexorably on extra-regional trade in final good, and this dependence has in fact increased over the years.
Introduction
International production fragmentation-cross-border dispersion of component production/assembly within vertically integrated production processes, with each country specialising in a particular stage of the production sequence-has been an important feature of the deepening structural interdependence of the world economy in recent decades.
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This phenomenon has reflected in a rapid growth of trade in parts and components ('middle products' or 'fragments of final goods') at a rate exceeding that of trade in final goods because a good crosses multiple borders while in the process. This paper aims to examine the extent, trends and patterns of this new form of international exchange, and its implications for analysing regional trade patterns, with special emphasis on countries in East Asia. The study is based on a systematic separation of trade in parts and components from total trade flows using a new data set extracted from the UN trade database. The East Asian experience is examined in the wider global context, focussing specifically on the comparative experience of that region, and the
North American Free Trade Area (NAFTA) and the European Union (EU).
There is a vast literature based on the standard trade data analysis (which is essentially based on the traditional notion of horizontal specialisation scenario in which trade is essentially an exchange goods that are produced from start to finish in just one country) that unequivocally points to a persistent increase in intra-regional trade in East Asia (including as well as excluding Japan) form about the early 1980s (e.g., Kwan 2001 , Drysdale and Garnaut 1997 , Frankel and Wei 1997 , Petri 1993 . This evidence figures prominently in the current debate on forming regional trading arrangements covering some or all countries in East Asia. In this paper we argue that, in a context where component trade is growing rapidly, the standard trade flow analysis can lead to misleading inferences as to the nature and extent of trade integration among countries, for two reasons. First, in the presence of production fragmentation, trade data are doublecounted because goods in process cross multiple international borders in the course of their production sequence, generating international trade with each border crossing. The total amount of trade involving the goods while in process can be a multiple of the final value of that good. Second, and perhaps more importantly, trade share calculated using reported data can lead to wrong inferences as to the relative importance of the 'region' and the rest of the world for growth dynamism of a given country/region, even controlling for double counting in trade. This is because intra/extra regional patterns of trade in parts and components (henceforth refereed to as 'fragmentation trade') and trade in related final goods ('final trade') are unlikely to follow the same patterns. There is indeed ample evidence coming from the case-study literature on multinational enterprises operating in the East Asian region that the demand for the final products predominantly comes from the rest of the world, particularly from North America and countries in the EU.
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This paper relates to and builds on Yeats (2001 and and Athukorala (2003) . Compared to these papers, the present paper offers both more current and detailed information on the nature, trends and patterns of fragmentation trade. However, its major novelty is in the analysis of the determinants of fragmentation trade; to the best of our knowledge, this is the first analysis of the determinants of parts and component trade in a large sample of bilateral trade relations at the global level. 3 Our approach is essentially empirical by design, but the empirical analysis in carried out in the context of the existing body of theoretical literature. 4 The paper is organised as follows. Section 2 discusses the procedure followed in extracting data from the UN trade data tapes and data quality. Section 3 examines the nature and extent of global trade in components and East Asia's role in this form of trade specialisation. This section also deals with the implications of the rapid expansion of production fragmentation for analysing intra-and extra-regional patterns of economic integration of East Asia. Section 4 uses a 'modified' gravity model to examine determinants of bilateral trade in parts and components, focusing separately on export 2 See for instance Borrus (1997) ; Dobson and Chia (1997) ; McKendrick, Doner and Haggards (2000) . 3 The few available studies which analysis the implications of production fragmentations with a specific regional (rather than a global) focus include Egger (2003 and , Gorg (2000) and Baldone et al. (2001) .
and import sides and comparing the results with those for trade in final goods (reported trade -parts and components). The final section presents the key inferences.
Data
This study makes use of data extracted from the UN trade database based on the Revision 3 of the Standard International Trade Classification (SITC, Rev 3). In its original form (SITC, Rev 1), the UN trade data reporting system did not provide for separating fragmentation trade (parts and components) from final manufactured goods. The SITC Revision 2 introduced in the late 1970s (and implemented by most countries only in the early 1980s) adopted a more detailed commodity classification, which provided for separation of parts and components within the machinery and transport sector (SITC 7).
There were, however, considerable overlap between some advanced-stage assembly activities and related final goods within the sector in the Revision 2, which made it difficult to separate fragmentation trade from total trade (Ng and Yeats 2001) 5 . Revision 3 introduced in the mid-1980s marked a significant improvement over Revision 2. In addition to redressing overlaps within SITC 7, this new version of SITC provided for separation of parts and components trade in the 'miscellaneous goods' sector (SITC 8).
These two sectors together accounted for around 70% of total world trade during the period under study.
SITC Revision 3, despite its significant improvement over the previous version, does not provide for the construction of data series covering the entire range of activities involving production fragmentation. Data reported under SITC 7 do provides a comprehensive coverage of fragmentation trade. But data for SITC 8 does not seem to fully capture fragmentation trade within that commodity category. For instance, for some products such as clothing, furniture, and leather products in which outsourcing is prevalent (and perhaps has been increasing), the related components are recorded under other SITC categorizing (e.g., pieces of textile, parts of furniture, parts of leather soles).
The SITC data system does not provide adequate information to separate these components and relate them accurately to the related final product. Moreover, there is evidence that international production fragmentation has been spreading beyond SITC 7 and 8 to other areas, in particular pharmaceutical and chemical products (falling under SITC 5) and machine tools and various metal products (SITC 6). Assembly activates in software trade too have recorded impressive expansion in recent years. These are lumped together with 'special transactions' under SITC 9. So the merriment of trade in parts and components reported used in this paper are presumably downward biased. These factors cause our estimates to be downward biased, and perhaps the degree of bias may have increased over the years with the gradual spread of production fragmentation to other areas of products beyond SITC 7 and 8.
It is important to note that parts and component trade measured using the reported trade data, regardless of the downward bias involved, provides only a proxy measure of fragmentation trade. On the import side, the data capture both intermediate goods used to make goods for exports and those that are used for domestic consumption. On the export side, fragmentation-based exchange encompasses both parts and components and final goods assembled using imported parts and components. In these cases partner-import and export data are based on partner country export and import records respectively.
Trends and Patterns of Production Fragmentation
World trade in parts and components increased from $400 billion in 1992 to over $1000 billion in 2003, recording an annual average growth rate of 3.4% (Table 1 , Figure 1 ). The share of these products in total world manufacturing trade increased from 17% to 23% between these two years. Components accounted for one forth of the total increment in manufacturing trade between 1992 and 2003. years, the share of components in total manufacturing exports more than tripled in China (from 5.5% to 15.2%). Interestingly, even for Taiwan and Korea, the relative importance of components in total manufacturing exports (and imports) has increased over the years, contradicting the popular belief that these countries had shifted palpably from component production to final good production over the years. These electronics and electrical products are also the major areas of activity in other countries/regions. But trade patterns of these countries/regions are characterised by a greater presence of other items such as engines and motors (SITC 714), specialized industrial machinery (SITC 728), internal combustion machines (SITC 713) for which transportation cost is presumably an important consideration for production location.
Overall, these differences are consistent with East Asia's competitive edge in component specialisation in electrical and electronic industries. Unlike in EU and NAFTA, the East Asian intra-regional trade ratio camouflages a significant asymmetry in regional trade patterns on import and export sides. In 2003, intra-regional import flows amounted to 65.6 per cent of total manufacturing imports of East Asia, up from 55.2% percent in 1992. Intra-regional share in total regional exports was significantly lower, 36.6% in 1992 and 45.6% in 2003. In other words, the region is much more heavily dependent on extra-regional trade for its growth dynamism than is (misleadingly) suggested by the total regional trade share, and this dependence has remained virtually unchanged for the last decade. This imbalance in intra-regional trade is largely a reflection of the unique nature of Japan's involvement in fragmentation trade in East Asia. As already noted, Japan's trade relations with the rest of East Asia is predominantly in the form of using the region as an assembly base for meeting demand in the region and, more importantly for exporting to the rest of the world. Japan has persistently maintained a trade surplus with all East Asian countries in both total manufacturing trade and trade in component, of which the latter is much larger (data not reported for brevity).
Component trade accounts for a significant and growing share of intra-regional trade in manufacturing in East Asia, both on export and import sides. Moreover, the share of components in intra-regional trade is much larger than the comparable figures for the region's extra regional trade (Table 4 ). In 2003, components accounted for 65% of intraEast Asian exports, compared to 46% in the region's total exports. The significance of component trade looms even larger for developing East Asia and in particular for the member countries of the ASEAN. According to country-level data (not reported here for brevity), cross-border component trade accounts for more than a half of total imports and exports in Singapore, Malaysia and the Philippines, and more than a third in Thailand.
Korea and Taiwan are also involved in sizable cross border trade with the other countries in the region. For all East Asian countries, the share of components in both intra-regional exports and imports have increased at a much faster rate compared that in exports to and imports from countries outside the region. Table 5 on intra-regional shares of trade in total manufacturing, components and final goods for various regional economic groupings help understand this important point. suggest that extra-regional trade is much more important than intra-regional trade for continued growth dynamism of East Asia, both including and excluding Japan. Thus, the ongoing process of product fragmentation seems to have strengthened the case for a global, rather than a regional, approach to trade and investment policymaking.
Determinants of fragmentation trade
We observed in the previous section the growing importance of fragmentation trade for trade expansion in East Asia relative to the overall global experience and experiences of countries in other major regions. We now turn to a more formal examination of what forces shape inter-country/inter-regional differences in growth of fragmentation trade.
The analytical tool used for this purpose is the standard gravity model of bilateral merchandise trade that has been widely used as the 'workhorse' for empirical analysis of international trade flows. The standard gravity model postulates that trade between two countries, like the gravitational force between two masses, is a function of their economic size and the geographic distance between them. We augment this basic by adding a number of explanatory variables informed by the theory of international production fragmentation. Our specification of the gravity model is: The use of GDP as an explanatory variable of bilateral trade flows is normally justified by the modern theory of trade under imperfect competition (monopolistic competition model of trade); one will chose to trade more with a large country than with a small country because it has more variety to offer and customers like variety. The use of this variable is also consistent with the theory of international production fragmentation, which predicts that the optimal degree of fragmentation depends on the size of the market because the scale of production would determine the length to which such division of labour can proceed (Jones et al. 2004) . The size of GDP can also be treated as a proxy for the market thickness (the economic depth of trading nations) which positively impact on the location of outsourcing activity (Grossman and Helpman 2005) .
There are also reasons to believe that GDP per capita also has a positive effect over an above the effect of GDP, as countries grow richer, the scale of output of industries become conducive to fragmentation. In addition, more developed countries have better ports and communication systems that facilitate trade by reducing the cost of maintaining 'services links' involved in vertical specialisation. components. In this study we, therefore, include reporting-and partner-country GDP and PGDP as separate variables. In this we closely follow (Soloaga and Winters 2001) . This variable specification is, in fact, amply supported my our estimation results ( The model was estimated using ordinary least squares (OLS). Since there was strong evidence of heteroscadasticity, we derived consistent variance-covariance standard errors of the regression coefficients using the Huber-While 'sandwich' estimator. The results are reported in Table 6 . Information on variable construction and the data source 10 Country/time coverage of the data set is entirely dictated by the nature of data availability.
are summarised in Appendix The results for the distance variable provide strong support for the hypothesis that cost of transportation and other distance-related costs are an important determinant of trade flows. As can be expected, the magnitude of the coefficient is remarkably similar for export and import flows. Interestingly, the coefficient on both import and export side for components are much larger in magnitude compared to those relating to final trade.
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This difference is consistent with the hypothesis that vertical specialisation, given the multiple border crossing involved in the production process, is much more sensitive to transport cost. The common language dummy is statistically significant with the expected positive sign in all cases as expected.
The coefficient on RWG is statistically significant with the expected sign in both export and import equations. Thus, there is strong empirical support for the hypothesis that relative wage differentials are a significant determinant of cross border trade in components (as well as the related final products). Interestingly the magnitude of the coefficient is remarkably similar across all equations. This may reflect the interconnectedness of components imports and export and the dependence of final exports on component imports. The coefficient on ⏐∆PGDP⏐ is statistically significant in both equations, but its sign suggests that that inter-country difference in the level of technological advancement is related negatively with bilateral trade flows. 12 This unexpected result may reflect the fact that developed countries still account for much of world trade in both components and final goods.
Among the regional/RTA dummies, both the intra-and extra-regional dummies are highly significant for AFTA with the positive sign in all regressions. The coefficient in the component import equation suggests that intra-AFTA is about eleven times higher than predicted by the other explanatory variables in the model. 13 According to the results for the extra-regional dummy, AFTA members' trade with the rest of the world is about three times higher than the norm set by the other explanatory variables in the model. It seems that the rapid expansion of component trade within AFTA (as we observed in 12 The overall regression results are not sensitive to the exclusion/inclusion of this variable. section 3) is complementary to its involvement in vertical specialisation at the global level. The regression coefficient of the Singapore dummy is also statistically significant, suggesting that the level of component trade in that country is about twice than the regression norm (including the overall AFTA factor).
Interestingly, the results for the dummy variables (both extra-and intra-regional)
for the other four RTAs are rather mixed. In most cases, the coefficients carry the unexpected (negative) sign and many coefficients are not statistically different from zero. 
Conclusions
There is clear evidence that fragmentation trade is expanding more rapidly than conventional final-good trade. The degree of dependence on this new form of international specialisation is proportionately larger in East Asia compared to North America and Europe. This seems to be the outcome of the relatively more favourable policy setting for international production, agglomeration benefits arising from the early entry into this new form of specialisation, and considerable inter-country wage differential in the region. A notable recent development in international production fragmentation in the region has been the rapid integration of China into the regional production networks. This development is an important counterpoint to the popular belief that China's global integration would crowd out other countries' opportunities for international specialization.
International production fragmentation has certainly played a pivotal role in continuing dynamism of the East Asian economies and increasing intra-regional economic interdependence. This does not, however, mean that the process has contributed to lessoning the regions dependence on the global economy. The high intraregional trade reported in recent studies reflects rapidly expanding intra-regional trade in components. There is no evidence of rapid intra-regional trade integration in terms of final products. In fact, the region's growth dynamism based on vertical specialisation depends inexorably on its extra-regional trade in final good, and this dependence has in fact increased over the years. The growing importance of China both as a regional exporter and importer has begun to change the picture in recent years, but extra-regional trade is likely to remain the engine of growth of the region in the foreseeable future. Put simply, growing trade in components has made the East Asia region increasingly reliant on extra-regional trade for its growth dynamism. In this context, these countries would be better off by upholding universal principles of economic openness. Note: By definition percentage shares in exports and imports for a given year should be identical. The minor differences seem to reflect recording errors and differences in merriment arising from the use of CIF price for reporting imports and FOB price for reporting exports. 1. By definition percentage shares in exports and imports for a given year should be identical. The minor differences seem to reflect recording errors and differences in merriment arising from the use of CIF price for reporting imports and FOB price for reporting exports.
Source: Compiled from UN Comtrade database. Notes: (1) Including Japan (2) Including AFTA Source: Complied from UN Comtrade Database using the commodity/country classification described in the text (Section 3). 
